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(57) ABSTRACT

A movable solar module disassembling apparatus according
to an embodiment of the present disclosure includes a
movable container unit that 1s hollow, can be moved by itself
or by external power, and has at least one door being able to
expose the mside by opening and closing, a frame separation
unit that 1s disposed 1n the movable container unit, includes
a frame separation blade pressing and separating the frame
from the module body, 1s supplied with the solar module,
and discharges the module body after separating the frame,
and a disassembling unit that 1s disposed continuously with
the frame separation unit in the movable container unit,
includes a scrapper scraping and separating the stacked film
from the glass plate, 1s supplied with the module body, and
disassembles and discharges the module body into the
stacked film and the glass plate.
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FIG. 1
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FIG. 2
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FIG. 4
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MOVABLE SOLAR MODULE
DISASSEMBLING APPARATUS AND
MOVABLE SOLAR MODULE
DISASSEMBLING SYSTEM COMPRISING
THEREOFK

GOVERNMENT LICENSE RIGHTS

[0001] This invention was made with government support
under National Research and Development Project (Project
identification No. 1485017207, Project Serial No.
2020003100003, Research Administration Authority: Korea
Environmental Industry & Technology Institute (KEITI),
Research Program Name: R&D Project for recyclability of
non-recyclable products, Research Project Name: Develop-
ment of technology for collecting, shattering and recycling-
recovery of valuable maternials from end of life photovoltaic
panel, Contribution Rate: 100%, and Period of Research:
May 21, 2020 to Dec. 31, 2022) awarded by Korea Ministry
of Environment (MOE). The government has certain rights
in the mvention.

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0002] This application claims the benefit under 35 USC §
119(a) of Korean Patent Application No. 10-2021-0105653,
filed on Aug. 10, 2021, in the Korean Intellectual Property
Ofhice, the entire disclosure of which 1s incorporated herein
by reference for all purposes.

BACKGROUND

1. Field of the Invention

[0003] The present disclosure relates to a movable solar
module disassembling apparatus and a movable solar mod-
ule disassembling system including same, more specifically,
to a movable solar module disassembling apparatus that can
move to a site and operate at the site, and a movable solar
module disassembling system including same.

2. Description of the Related Art

[0004] The development of clean energy that reduces
environment pollution 1s being accelerated. Development of
clean energy 1s in progress 1 various ways including
national support projects. Clean energy technology vari-
ously includes not only a technology of managing produced
power such as energy management, delivery, and storage,
but a renewable energy technology that uses biomass, eftc.
Solar photovoltaic power generation, wind power genera-
tion, etc. that generate power using natural force without
using the fossil fuel have been continuously studied as
power production technologies.

[0005] In particular, solar photovoltaic power generation
has been remarkably improved in power generation efli-
ciency through continuous improvement of the technology
since development, and accordingly, it 1s considered as a
spotlighted alternative energy technology even at present.
Solar photovoltaic power generation facilities are continu-
ously increasing because there is the advantage that they can
be easily applied even to places where conventional power
generation facilities, etc. are diflicult to install, they hardly
cause environmental damage, and 1t 1s possible to use
existing buildings, facilities, etc. when installing them.
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[0006] However, a solar photovoltaic power generation
facility also has a problem with maintenance because a solar
cell has to be replaced and discarded when its lifespan 1s
ended. In particular, as not only the number, but the appli-
cation unit or area of solar photovoltaic power generation
facilities are increased, 1t 1s required to replace and discard
solar cells 1 large quantities. However, most solar photo-
voltaic power generation facilities are aggregate of photo-
voltaic modules formed by combining a solar cell 1n a frame.
Further, since photovoltaic modules have a structure 1n
which a glass plate, etc. are stacked, they are difhicult to
simply discard, which 1s a considerable problem in manage-
ment of solar photovoltaic power generation facilities in a
large scale. Further, it 1s considerably difhicult to separately
manage solar photovoltaic power generation facilities scat-
tered 1n several places and 1t 1s also a problem to remove the
facilities. Further, 1t 1s also diflicult to process wastes 1nto a
recyclable form while reducing the wastes, so there 1s a need
for appropriate measures for these problems.

SUMMARY

[0007] In order to solve the problems described above, an
objective of the present disclosure 1s to provide a movable
solar module disassembling apparatus that can move to a site
and operate at the site, and a movable solar module disas-
sembling system including the movable solar module dis-
assembling apparatus. Another objective of the present dis-
closure 1s to smoothly manage solar photovoltaic power
generation facilities scattered 1 several places, enable
smooth replacement and discard of solar cells 1n a large
scale, enable smooth removal, etc. of solar cells, and process
solar cells 1n an easily recyclable form after discarding the
solar cells, using a disassembling apparatus and a disassem-
bling system.

[0008] The object of the present disclosure 1s not limited
to those described above, and other objects may be made
apparent to those skilled in the art from the following
description.

[0009] A movable solar module disassembling apparatus
according to the present disclosure i1s a movable solar
module disassembling apparatus for disassembling a solar
module including a glass plate, a stacked film including a
solar cell stacked on the glass plate, and a frame surrounding
a module body 1including the glass plate and the stacked film,
and includes: a movable container unit that 1s hollow, can be
moved by 1tself or by external power, and has at least one
door being able to expose the mside by opening and closing;
a Irame separation unit that 1s disposed in the movable
container umt, mcludes a frame separation blade pressing
and separating the frame from the module body, 1s supplied
with the solar module from a side, and discharges the
module body from another side after separating the frame;
and a disassembling unit that 1s disposed continuously with
the frame separation unit in the movable container unit,
includes a scrapper scraping and separating the stacked film
from the glass plate, 1s supplied with the module body from
a side, and disassembles and discharges the module body
into the stacked film and the glass plate.

[0010] The movable container unit may have a plurality of
surfaces, and the movable solar module disassembling appa-
ratus may further include: a battery unit disposed 1n parallel
with and 1 contact with a first surface of the plurality of
surfaces of the movable container unit; and a power con-
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version unit disposed 1n parallel with and 1n close contact
with a second surface different from the first surface.
[0011] The first surface may be the floor of the movable
container unit and the second surface may be at least any one
of sides of the movable container unit which are perpen-
dicular to the first surface.

[0012] The movable solar module disassembling appara-
tus may further include a dust processing unit that i1s
disposed on a third surface of the plurality of surfaces and
suctions and processes dust 1n the movable container unit.
[0013] The movable solar module disassembling appara-
tus may further include a solar photovoltaic power genera-
tion unit that 1s 1nstalled outside the movable container unit
and produces power.

[0014] The movable solar module disassembling appara-
tus may further include a movable supply unmit that moves up
the solar module from the ground outside the movable
container unit, supplies the solar module into the movable
container umt, and can be moved by 1tself or by external
power.

[0015] The frame separation umit may further include a
position adjustment plate that adjusts the vertical position of
the solar module supplied from a side by supporting at the
bottom and moving up and down the solar module such that
the frame separation blade and the frame at least partially
cross each other.

[0016] A plurality of frame separation blades may extend
from the inner side of the frame to the outer side and press
different surfaces of the frame, and at least one of the blades
may have a recessed groove recessed imnward on the blade
surface and may separate a junction box attached to the outer
surface of the stacked film simultaneously with the frame
while keeping the junction box in the recessed groove.
[0017] The disassembling umit may include: a guide bar
that 1s disposed 1n parallel with the glass plate and to which
the scraper 1s movably coupled; and a moving heating plate
that 1s movably coupled ahead of the scraper of the guide bar
and separates at least a portion of the stacked film from the
glass plate by heating the stacked film ahead of the scraper.
[0018] A movable solar module disassembling system
according to the present disclosure includes: the movable
solar module disassembling apparatus of the present disclo-
sure; and an assistant movable disassembling apparatus that
includes at least any one of a movable container unit that 1s
hollow, can be moved by 1tself or external power, and has at
least one door being able expose the iside by opeming and
closing, an assistant power unit that 1s disposed i1n the
movable container unit, a crushing unit, and a separated-part
loading unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 1s a conceptual diagram of a movable solar
module disassembling apparatus according to an embodi-
ment of the present disclosure;

[0020] FIG. 2 1s a diagram showing in detail the structure
and operation of a frame separation unit of the movable solar
module disassembling apparatus shown 1n FIG. 1;

[0021] FIG. 3 1s a diagram showing 1in more detail the
structure and operation of a disassembling umt of the
movable solar module disassembling apparatus shown in

FIG. 1;

[0022] FIG. 4 1s a diagram showing the internal structure
of the movable solar module disassembling apparatus shown
in FIG. 1; and
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[0023] FIG. 5 15 a conceptual diagram of a movable solar
module disassembling system according to an embodiment
of the present disclosure.

DETAILED DESCRIPTION

[0024] The advantages and features of the present disclo-
sure, and methods of achieving them will be clear by
referring to the exemplary embodiments that will be
described hereafter in detail with reference to the accompa-
nying drawings. However, the present disclosure 1s not
limited to the exemplary embodiments described hereafter
and may be implemented 1n various ways, and the exem-
plary embodiments are provided to complete the description
of the present disclosure and let those skilled i1n the art
completely know the scope of the present disclosure and the
present disclosure 1s defined by claims. Like reference
numerals indicate the same components throughout the
specification.

[0025] A movable solar module disassembling apparatus
and a movable solar module disassembling system accord-
ing to the present disclosure are described hereatiter in detail
with reference to FIGS. 1 to 5. The movable solar module
disassembling apparatus 1s described in detail first with
respect to FIGS. 1 to 4 and then the movable solar module
disassembling system 1s described on the basis of the
description of the movable solar module disassembling
apparatus with reference to FIG. 5.

[0026] FIG. 1 1s a conceptual diagram of a movable solar
module disassembling apparatus according to an embodi-
ment of the present disclosure.

[0027] Referring to FIG. 1, a movable solar module dis-
assembling apparatus 10 according to the present disclosure
has a structure 1n which a configuration (frame separation
umt) for separating a frame A3 and a configuration (disas-
sembling unit) for separating a glass plate A1 and a stacked
film A2 including a solar cell are continuously disposed 1n
a movable container unit 100. The movable solar module
disassembling apparatus 10 has a characteristic that 1t can
separate a junction box A4 too when separating the frame.
The frame, glass plate, stacked film, and junction box are
parts of a solar module A, and as shown 1n the figures, they
are not completely crushed and are separately continuously
separated 1n the movable container unit 100. Accordingly,
the work related to replacement, discard, etc. of the entire
solar module 1s conveniently performed at one place and the
parts can be very easily recycled. The movable container
unit 100, which 1s a structure that can accommodate and
operate the configurations therein, for example, may be a
trailer that 1s connected to a tractor (including a semi-trailer
and a full-trailer) or the assembly of a tractor and a trailer.
Accordingly, the present disclosure can disassemble a solar
module while moving and changing places, and accordingly,
can be very usefully used to integrally manage solar pho-
tovoltaic power generation facilities 1n wide range of areas
at diflerent places or manage large-scale solar photovoltaic
power generation facilities applied 1n wide areas. Further,
the present disclosure can be usefully used for removal.
[0028] The movable solar module disassembling appara-
tus 10 of the present disclosure 1s configured as follows. The
movable solar module disassembling apparatus 10 for dis-
assembling a solar module A including a glass plate Al, a
stacked film A2 including a solar cell stacked on the glass
plate Al, and a frame A3 surrounding a module body
including the glass plate Al and the stacked film A2,
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includes: a movable container unit 100 that 1s hollow, can be
moved by 1tself or by external power, and has at least one
door 110 being able to expose the iside by opening and
closing; a frame separation unit 200 that 1s disposed 1n the
movable container unit 100, includes a frame separation
blade 210 pressing and separating the frame from the
module body, 1s supplied with the solar module A from a
side, and discharges the module body from another side after
separating the frame A3; and a disassembling unit 300 that
1s disposed continuously with the frame separation unit 200
in the movable container unit 100, includes a scrapper 310
scraping and separating the stacked film A2 from the glass
plate Al, 1s supplied with the module body from a side, and
disassembles and discharges the module body into the
stacked film A2 and the glass plate Al.

[0029] According to an embodiment of the present disclo-
sure, the frame separation unit 200 may further include a
position adjustment plate 230 that adjusts the vertical posi-
tion of the solar module supplied from a side by supporting
at the bottom and moving up and down the solar module
such that the frame separation blade 210 and the frame at
least partially cross each other. A plurality of frame separa-
tion blades 210 extends from the inner side of the frame to
the outer side of the frame to press different surfaces of the
frame. Here, at least one of the frame separation blades 210
has a recessed groove (see 210a 1n FIG. 2) recessed inward
on the blade surface, so the junction box A4 attached to the
outer surface of the stacked film can be kept 1n the recessed

groove 210a and separated with the frame. The disassem-
bling unit 300 may further include: a gmide bar 330 that 1s
disposed 1n parallel with the glass plate and to which the
scraper 310 1s movably coupled; and a moving heating plate
320 that 1s movably coupled ahead of the scraper 310 of the
guide bar 330 and separates at least a portion of the stacked
film from the glass plate by heating the stacked film ahead
of the scraper 310. This configuration makes 1t possible to
more precisely and eflectively separate the parts of a frame
module with mimimum damage to the parts. The configura-
tion, operation eflfect, etc. of the present disclosure are
described hereafter 1n more detaill on the basis of the
embodiment of the present disclosure.

[0030] First, the structure of the solar module A that 1s the
target to be disassembled by the present disclosure 1s briefly
described. The solar module A may be formed by integrating
a plurality of solar cells and may have integrated solar cells
and a protector for protecting the solar cells. Referring to the
box 1ndicated by ‘a’ (showing a cross-section of the solar
module A) at the lower portion 1n FIG. 2, the solar module
A may include a glass plate Al, a stacked film A2 including
a solar cell stacked on the glass plate Al, and a frame A3
surrounding a module body A' including the glass plate Al
and the stacked film A2. The frame A3 may be a metallic
structure and may be an aluminum bar, etc. The frame A3
can serve to surround and protect the module body A'. The
glass plate A1, which 1s disposed on the front surface (i.e.,
a light-incident surface) of the solar module A 1n actual use,
can serve to prevent the stacked film A2 from being con-
taminated and maintain the shape of the stacked film A2. The
solar cell may be included 1n the stacked film A2 and the
stacked film A2 may include an encapsulation film, a back
sheet, etc. that are disposed on both sides of the solar cell
other than the solar cell. The junction box A4 may protrude

Feb. 16, 2023

from the outer surface (1.e., the rear surface opposite to the
light-incident surface) of the stacked film A2 for cable
connection, etc.

[0031] Referring to FIG. 1 again, the present disclosure
can move to a solar photovoltaic power generation facility
where the solar modules A are 1nstalled 1n a large scale, etc.,
and can immediately process wasted solar modules A. To
this end, the present disclosure includes the movable con-
tainer unit 100. As shown in FIG. 1, the movable container
unit 100 1s hollow, can be moved by itself or by external
power, and has at least one door 110 being able to expose the
inside by openming and closing. The movable container unit
100 may be a box-shaped structure mounted with a movable
structure such as wheels, but 1s not limited thereto and may
be formed 1n various movable structures. For example, the
movable container unit 100 may be formed 1n a structure in
which a movable frame with wheels and a box-shaped
container are separably combined, or may include container
of another shape rather than a simple box shape. The number
of the container may be changed into one or more. The
movable container unit 100, for example, may be a trailer
that 1s connected to a tractor (including a semi-trailer and a
tull-trailer) or may be an assembly of a tractor and a trailer.
The movable container unit 100 may be provided with
power for moving from the outside or may have a driving
umt and move by itsellf.

[0032] The inside of the movable container umit 100 may
be changed 1n accordance with how the movable container
umt 100 1s implemented. The shape, structure, volume,
height, width, etc. of the space can be changed if necessary.
Accordingly, the shape and the inside arrangement of the
movable container unit 100 shown 1n FIG. 1, etc. are only
examples and are not necessarily understood as being limi-
tative. The implementation type may be appropnately
changed within the scope of the present disclosure. In an
embodiment of the present disclosure, the movable con-
tainer unit has a structure having a plurality of surfaces and
maximizing the space utilization using the surfaces. The
movable solar module disassembling apparatus 10 may
turther include a battery unit 400 disposed 1n parallel with
and 1n contact with a first surface of the plurality of surfaces
of the movable container unit 100, and a power conversion
unit 300 disposed 1n parallel with and in close contact with
a second surface different from the first surface. As 1n this
embodiment, the first surface may be the floor of the
movable container unit 100 and the second surface may be
at least any one of sides of the movable container unit 100
which are perpendicular to the first surface.

[0033] That 1s, a battery insertion space, etc. 1s formed 1n
the floor of the movable container unit 100 and a power
supply battery 1s disposed on the floor of the movable
container unit 100, thereby being able to form the battery
umt 400 being in close contact with the floor. The power
conversion unit 500 that converts and transmits the power
from the battery unit 400 to the components and manages the
power may be disposed 1n an erect state along a side of the
movable container unit 100. Accordingly, 1t 1s possible to
achieve the battery and power management structure that 1s
very important in the movable apparatus without actual
damage to the internal space using the outer surfaces of the
movable container umt 100. The power conversion unit 500,
for example, may include a PCS (Power Conversion/condi-
tioning System) and may configure an ESS (Energy Storage
System) 1n cooperation with the battery umt 400. The
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movable container umt 100, for example, may have a
double-layered floor such that the inside can be at least
partially filled with a battery, and the power conversion unit
500, for example, may be disposed 1n a compact type on a
side, where the door 110 1s not disposed, of sides.

[0034] The movable solar module disassembling appara-
tus 10 may further include a dust processing unit 600 that 1s
disposed on a third surface of the plurality of surfaces of the
movable container unit 100 and suctions and processes the
dust 1nside the movable container unit 100. The dust pro-
cessing unit 600 may be disposed on the top (1.e., ceilling) of
the movable container unit 10, thereby being able to form an
air purification structure without actual damage to the inter-
nal space. For example, the dust processing unit 600 may
include a fan and a filter for suctiomng and discharging air
and may further include another contaminant processing
structure other than the filter. As the dust processing unit 600
1s disposed, 1t 1s possible to decrease the degree of contami-
nation and perform work in a clean environment by purify-
ing the iternal air even though a solar module 1s processed
inside.

[0035] A solar photovoltaic power generation unit 140 that
generates power from the sunlight may be disposed outside
the movable container unit 100. The solar photovoltaic
power generation unit may include a plurality of solar cells
and may be configured by integrating the solar cells at outer
surface of the movable container unit 100. It 1s possible to
generate power using the solar photovoltaic power genera-
tion unit 140 and store 1n the battery unit 400. Further, it 1s
possible to smoothly supply power using the power stored in
the battery unit 400, if necessary. According to the present
disclosure, as described above, an ESS (Energy Storage
System) can be configured using the power conversion unit
500 and the battery unit 400, so 1t 1s possible to efliciently
manage the entire power including the power produced by
the solar photovoltaic power generation unit 140, if neces-
sary. In this manner, the movable solar module disassem-
bling apparatus 10 produces power by itself and the pro-
duced power 1s efliciently used, whereby 1t 1s possible to
smoothly operate other components including the frame

separation unit 200 and the disassembling unit 300.

[0036] The door 110 of the movable container unit 100
may be formed at various positions. A plurality of doors 110
may be formed so that the internal space i1s appropriately
exposed and disassembling 1s more smoothly performed.
For example, as shown 1 FIG. 1, a door 110 that functions
as an inlet for putting 1n the solar module A may be formed
at the rear of the movable container unit 100 and another
door 110 for widely opeming the sides of the movable
container unit 100 may be formed and used as an outlet for
separated parts. If necessary, an expansion bed 130 that
slides inward and outward may be disposed under the
movable container unmit 100 to expand the work space.
However, as described above, the figure 1s only an example
and 1s not necessarily limitative, and the door 110 may be
installed at an appropriate position in consideration of
various factors such as the progress direction of disassem-
bling, the final discharge position of parts, etc. Accordingly,
it 1s possible to approprately change the positions of the
frame separation unit 200, the disassembling unmt 300, etc.

[0037] Though not shown, a conveying device such as a
conveyer module may be disposed at the point where
separated parts are discharged such as the sides of the
movable container unit 100 so that the parts are automati-
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cally discharged. A movable supply unit 700 may be dis-
posed at the inlet for the solar module A so that the solar
module A 1s more smoothly supplied from the ground. That
1s, the movable solar module disassembling apparatus 10
may further include a movable supply unit 700 that moves
up the solar module A from the ground outside the movable
container unit 100, supplies the solar module A into the
movable container unit 100, and can be moved by 1tself or
by external power. That 1s, 1t 15 possible to more smoothly
perform disassembling using a structure that automatically
supplies a solar module 1n a movable type. The movable
supply unit 700, for example, may include an inclined
conveyer, etc., but 1s not limited thereto and may be freely
changed into other structures that can move up a solar
module from the ground. This structure, for example, may
include a hydraulic lifter. The movable supply unit 700 may
also include a moving unit such as wheels, and 1f necessary,
may be coupled to a vehicle, etc. to be able to independently
driven. The movable supply unit 700 can be changed 1n
various forms.

[0038] An internal rail 120 connecting a disassembling
process may be formed 1n the movable container unmt 100,
and the frame separation unit 200 and the disassembling unit
300 may be continuously disposed along the internal rail
120. A wasted solar module A 1s supplied into the movable
container unit 100 through the inlet and then disassembled
sequentially through the frame separation unit 200 and the
disassembling unit 300. Hereafter, the structure and disas-
sembling of the frame separation unit 200 and the disas-
sembling unit 300 are described 1n more detail with refer-

ence to FIGS. 2 and 3.

[0039] FIG. 2 1s a diagram showing in detail the structure
and operation of a frame separation unit of the movable solar
module disassembling apparatus shown 1n FIG. 1, and FIG.
3 1s a diagram showing in more detail the structure and
operation of a disassembling unit of the movable solar
module disassembling apparatus shown 1n FIG. 1. The parts
indicated by boxes in FIGS. 2 and 3 are cross-sections
showing the operation of disassembling a solar module 1n
accordance with the order (a-b-c-d-e-1).

[0040] Referring to FIG. 2, a solar module A put 1n the
movable container unit 1s processed first by the frame
separation unit 200. The frame separation unit 200, as
described above, 1s disposed in the movable container unit
100, includes a frame separation blade 210 pressing and
separating the frame A3 from the module body A', 1s
supplied with the solar module A from a side, and discharges
the module body A' from another side after separating the
frame A3. The frame separation unit 200 may include a
position adjustment plate 230 that adjusts the vertical posi-
tion of the solar module A supplied from a side by support-
ing at the bottom and moving up and down the solar module
A such that the frame separation blade 210 and the frame A3
at least partially cross each other. Accordingly, the solar
module A 1s supplied first to the position adjustment plate
230 and then the position adjustment plate 230 1s moved up,
thereby bringing the solar module A 1n contact with the
frame separation blade 210. The frame separation blade 210
can press and separate the frame A3 and may be changed 1n
various shapes within the purpose. Accordingly, the blade 1s
not limited to the shape shown in the figures. The frame
separation blade 210 may be formed to be acute at the end,
and 11 necessary, it may be changed 1n various shapes.
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[0041] Preferably, a plurality of frame blades 210 may be
provided to correspond to the frame A3 disposed mn a
rectangular shape around the solar module A. For example,
at least four frame separation blades 210 may be provided,
as shown 1n the figure, to correspond to the sides of a
rectangle, respectively. Each of the frame separation blades
210 may be coupled to a cylinder, which 1s operated by
hydraulic pressure, to be operated, and an actuator 220 may
include the cylinders. The actuator 220 shown 1n the figures
1s conceptual, so 1t 1s not limited thereto. Though not shown
in the figures, a support frame supporting the actuator 220
may be disposed outside. The position adjustment plate 230
may also be coupled to a cylinder, which 1s operated by
hydraulic pressure, to be vertically operated, and a fluid
controller that supplies and controls hydraulic pressure to
the cylinder may be disposed at an appropriate position
around the frame separation unit 200. However, various
structures that can apply pressure in the motion direction
through a straight motion other than the cylinder structure
may be applied as the actuating structure. It 1s possible to
operate the frame separation blade 210 and the position
adjustment plate 230 using various actuating structures.

[0042] In particular, a plurality of frame separation blades
210 may extend from the mner side of the frame A3 to the
outer side of the frame A3 and may press different surfaces
of the frame A3, and at least one of the blades may have a
recessed groove 210a recessed imnward on the blade surface.
The frame separation blades 210 can keep the junction box
A4 attached to the outer surface of the stacked film A2 in the
recessed groove 210a and separate the junction box A4
together with the frame A3. For example, four frame sepa-
ration blades 210 can contract as close to the actuator 220 as
possible by moving toward the actuator 220 (in this state, the
four frame separation blades all may be positioned 1nside the
frame), can extend outward as shown 1n the figures after the
position adjustment plate 230 loads and moves up the solar
module A (accordingly, after the frame surrounds the outer
sides of the four frame separation blades), and can separate
the frame A3 by pressing different surfaces of the frame A3.
The recessed groove 210a may be formed at at least any one
of the frame separation blades 210 and may be formed by
bending or cutting a portion the frame separation blade 210.
It 1s also possible to form a blade at an end 1n the recessed
groove by acutely machining the end.

[0043] According to this structure, a wasted solar cell A
can be disassembled first as follows. The solar module A
may have the cross-section indicated by the box ‘a’ at the
lower portion 1n FIG. 2. The solar module A may be supplied
with the front surface having the glass plate Al thereon
turned upside down, and accordingly, the glass plate Al can
be positioned at the lowermost bottom, the stacked film Al
can be positioned thereon, and the stacked film A2 can be
surrounded by the frame A3. The junction box A4 protrudes
from the top 1n the figure which 1s the rear surface of the
solar module A. The solar module A 1s put on the position
adjustment plate 230 and moved up, whereby the vertical
position thereof 1s adjusted. Since the frame A3 protrudes
wider up and down than the module body A' to surround the
module body A', as shown 1n the box ‘b’ at the center in FIG.
2, when the frame separation blades 210 come 1n contact
with the module body A', the frame can at least partially
cross the frame separation blades 210. Accordingly, when
the frame separation blades 210 expand outward, the frame
A3 1s disassembled by pressure. The frame A3 may be
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formed by bonding four bars, and the joints of the bars are
separated, whereby the frame A3 can be disassembled.

[0044] The {rame separation blade 210 having the
recessed groove 210q simultaneously presses the junction
box A4 and the frame A3 while keeping the junction box A4
in the recessed groove 210aq, as shown in the box ‘b’.
Accordingly, the junction box A4 and the frame A3 can be
simultaneously disassembled. The frame separation blade
210 having the recessed groove 210a may have a structure
that can come in contact with the frame A3 at another
portion rather than the recessed groove 210a while keeping
the junction box A4. This structure, for example, may be a
structure 1 which a portion of a blade symmetrically
extends to both sides from the end of the recessed groove
210a. According to this structure, 1t 1s possible to remark-
ably reduce the disassembling time and simplify the process
by disassembling the junction box A4 and the frame A3 at
once.

[0045] When the junction box A4 and the frame A3 are
disassembled, as shown 1n the box ‘¢’ at the upper portion 1n
FIG. 2, the module body A' including the glass plate A1 and
the stacked film A2 1s separated from other parts and then
discharged. The module body A' 1s supplied to the disas-
sembling unit along the internal rail (see 120 i FIG. 1) of
the movable container unit, and the remaining frame A3 and
junction box A4 can be discharged outside. An appropnately
arranged conveyer structure, etc. may be used for discharg-

ing. As described above, it 1s possible to disassemble the
frame A3 and the junction box A4 first.

[0046] Next, referring to FIG. 3, the module body A' with
the frame removed is put into the disassembling unit 300 and
disassembled into the stacked film A2 and the glass plate Al.
The disassembling unit 300 1s disposed continuously with
the frame separation unit in the movable container unit,
includes the scraper 310 that scrapes and separates the
stacked film A2 from the glass plate Al, 1s supplied with the
module body A' from a side, and disassembles and discharge
the module body A' into the stacked film A2 and the glass
plate Al. The disassembling unit 300 may include: a guide
bar 330 that 1s disposed 1n parallel with the glass plate Al
and to which the scraper 310 1s movably coupled; and a
moving heating plate 320 that 1s movably coupled to the
front of the scraper 310 of the guide bar 330 and separates
at least a portion of the stacked film A2 from the glass plate
Al by heating the stacked film A2 ahead of the scraper 310.
The guide bar 330 determines the movement direction of the
scraper 310 and the moving heating plate 320 and 1s briefly
shown 1n the figures. A driving unit that straightly actuates
the scraper 310 and the moving heating plate 320 may be
disposed on or in parallel with the guide bar 330, and the
driving unit may include a cylinder that 1s operated by
hydraulic pressure, etc. However, the present disclosure 1s
not limited thereto, and 1t 1s possible to move them using
various driving units that can apply pressure in the motion
direction by straightly moving.

[0047] The scraper 310 has an acute blade on the bottom
to be able to easily enter between the glass plate Al and the
stacked film A2. Though not shown, the scraper 310 itself
may have a heater that applies heat to scrape the stacked film
A2 1n a heated state. The lower end of the moving heating
plate 320 may be slightly spaced not to completely come in
contact with the module body A', and a heating structure that
applies heat to the module body A' may be formed at the
lower end. The heating structure 1s not necessarily limited
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thereto, but for example, may be formed to heat the top (1.¢.,
the stacked film) of the module body A' using hot wind
and/or radiation heat. Accordingly, it 1s possible to more
casily scrape and separate the stacked film A2 from the glass
plate Al at the rear portion using the scraper 310 while
bending the stacked film A2 ahead of the scraper 310 using
heat.

[0048] Accordingly, the module body A' can be disas-
sembled as follows. The module body A' that 1s put 1nto the
disassembling unit 300 may have the cross-section shown 1n
the box ‘d” at the lower portion 1n FIG. 3. That i1s, as the
frame and the junction box are disassembled as described
above, only the glass plate A1 and the stacked film A2 are
left and can be supplied to the disassembling unit 300. The
disassembling unit 300 can scrape the stacked film A2, as
shown 1n the box ‘e’ at the center 1n FIG. 3, while moving
the moving heating plate 320 and the scraper 310 in the
longitudinal direction of the module body A' supplied
therein. The moving heating plate 320 that moves ahead can
heat the stacked film A2 first and separate a portion of the
stacked film A2 from the glass plate A1 (by bending using
heat) and the scraper 310 can move behind the moving
heating plate can completely remove the stacked film A2.
The moving heating plate 320 can also prevent excessive
deformation by partially coming 1n contact with the stacked
film A2 bent by heat, and the gap between the moving
heating plate 320 and the scraper 310 may be adjusted such
that the shape can be maintained by elasticity of the stacked
film A2. Accordingly, the moving heating plate 320 ahead
appropriately flattens the stacked film A2 and the scraper
310 can more easily separate the stacked film A2 while
following the moving heating plate. As described above,
when the stacked film A2 1s scraped and separated from the
glass plate Al, the glass plate A1 and the stacked film A2 are
disassembled, as show 1n the box ‘1’ at the upper end 1n FIG.
3

[0049] Accordingly, the solar module can be completely
disassembled into the parts of the frame, junction box, glass
plate, and stacked film described above. As the frame 1s
discharged separately from the module body, the glass plate
and the stacked film are also discharged through different
paths. As described above, the discharge process can be
automatically performed using an appropriate conveyer
structure of discharge. The stacked film A2 may be dis-
charged, for example, while being rolled during scraping.
This disassembling process 1s continuously performed 1n the
movable container unit, whereby many solar modules can be
processed without a problem.

[0050] FIG. 4 1s a diagram showing the internal structure
of the movable solar module disassembling apparatus shown
in FIG. 1.

[0051] The above description 1s generally integrated as
tollow with reference to FIG. 4. The movable solar module
disassembling apparatus 10 of the present disclosure can
move to the place where a wasted solar module 1s required
to be disassembled, and then disassembles a solar module A
at the place, as shown 1n the figures. Even 1f the load of the
wasted solar module A 1s large, the wasted solar module A
can be easily supplied into the movable container unit 100
at a different height from the ground using the movable
supply umt 700. Further, it 1s possible to perform disassem-
bling while repeatedly supplying solar modules A into the
movable container unit 100 through the supply process. As
described above, the solar module A can be disassembled
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minutely mto the frame, junction box, stacked film, and the
glass plate sequentially through the frame separation unit
200 and the disassembling unit 300 continuously disposed 1n
the movable container unit 100. Accordingly, since the
module body 1s disassembled such that the parts are returned
into the original components, the components can be very
casily recycled. The glass plate can be washed and used for
various purposes, and the metallic frame and the junction
box can also be separated and recycled. If necessary, 1t 1s
also possible to crush parts that can be crushed using a
crusher and to separate and recycle the crushed powder 1n
accordance with the matenals. Accordingly, it 1s possible to
move to a place where solar modules are required to be
processed and quickly discharge the solar modules.

[0052] Hereatter, the movable solar module disassembling
system according to the present disclosure 1s described 1n
detail with reference to FIG. 5. The movable solar module
disassembling system includes the movable solar module
disassembling apparatus described above, the above descrip-
tion 1s referred to for the details of the movable solar module
disassembling apparatus, and diflerences are mainly

described.

[0053] Referring to FIG. 5, a movable solar module dis-
assembling system 1 according to the present disclosure may
be comprised of the movable solar module disassembling
system 10 and an assistant movable disassembling apparatus
21, 22, 23, 24. That 1s, the movable solar module disassem-
bling system 1 includes: the movable solar module disas-
sembling apparatus 10 described above; and an assistant
movable disassembling apparatus 21, 22, 23, 24 that
includes at least any one of a movable container unit 21a,
22a, 23a, 24a that 1s hollow, can be moved by itself or
external power, and has at least one door being able expose
the mside by opening and closing, an assistant power unit
(which may include a battery unit 215, etc.) that 1s disposed
in the movable container unit 21a, 22a, 23a, 244, a crushing
umt 225, and a separated-part loading unit (which may
include a first separated-part loading unit 235, a second
separated-part loading unit 23¢, a third separated-part load-
ing unit 245, etc.) According to an embodiment of the
present disclosure, a plurality of assistant movable disas-
sembling apparatuses 21, 22, 23, and 24 may be provided,
and each of them may be configured to assist the movable
solar module disassembling apparatus 10 in different ways.
Accordingly, the assistant movable disassembling appara-
tuses 21, 22, 23, and 24 may be partially different in
structure. The movable solar module disassembling appara-
tus 10 and the assistant movable disassembling apparatuses
21, 22, 23, and 24 can move together, and can move together
and function as one disassembling system at a processing
place. Hereafter, the configuration of the assistant movable
disassembling apparatuses 21, 22, 23, and 24 are described
in more detail.

[0054] The assistant movable disassembling apparatuses
21, 22, 23, and 24 includes movable container units 21a,
22a, 23a, and 24a, respectively. The movable container units
21a, 22a, 23a, and 24a included 1n the assistant movable
disassembling apparatuses 21, 22, 23, and 24 are also
substantially the same as the movable container unit (see
100 1n FIG. 1) of the movable solar module disassembling
apparatus 10 described above. Accordingly, the description
of the movable solar module disassembling apparatus 10 1s
referred to for description of them. The movable container
units 21a, 22a, 23a, and 24a of the assistant movable
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disassembling apparatuses 21, 22, 23, and 24 may be con-
figured 1n the same way as the movable container unit 100
of the movable solar module disassembling apparatus 10,
and accordingly, the assistant movable disassembling appa-
ratuses 21, 22, 23, and 24 can also be configured to be
movable.

[0055] The assistant movable disassembling apparatuses
21, 22, 23, and 24 may have different configuration therein,
depending on the purposes. For example, at least any one
assistant movable disassembling apparatus 21 may include
an assistant power unit disposed in the movable container
unit 21a. The assistant power unit may be the battery unit
21b, and the assistant movable disassembling apparatus 21
may be used to supply power to the system. The assistant
power unit 1s not necessarily limited to the battery unit 215,
and power supply units 22¢, 23e, and 244 of other assistant
movable disassembling apparatuses 22, 23, and 24 may
function as the assistant battery unit. That 1s, 1t 1s possible to
supply necessary power to the movable solar module dis-
assembling apparatus 10 using the power supply structure of
the assistant movable disassembling apparatuses 21, 22, 23,
and 24. The power supply units 22e, 23e¢, and 24d may be
comprised of an assistant battery disposed using the floor of
the movable container units 21a, 22a, 23a, and 24a and a
power conversion unit disposed using sides of the movable
container units 21a, 22a, 23a, and 24a. The battery unit 215
may be configured by filling the movable container unit 214
with batteries by connecting the batteries to specifically
supply a large amount of power.

[0056] At least any one assistant movable disassembling
apparatus 22 may include the crushing unit 225 therein. The
crushing unit 225, for example, may be a press and used to
crush wasted parts. It may also be possible to selectively
load crushed objects left after crushing depending on mate-
rials by disposing both of the crushing unit 225 and a
selecting unit 22¢. The crushing unit 226 may be achieved
in various types that can press and crush parts, and 1s not
necessarily limited to that shown in the figures. The select-
ing unit 22¢ 1s also not necessarily limited to a specific
structure and may be achieved 1n various structures that can
sort parts in accordance with matenals.

[0057] At least any one assistant movable disassembling
apparatus 23, 24 may include a separated-part loading unit
therein. The separated-part loading unit, for example, may
be divided into a first separated-part loading unmit 235, a
second separated-part loading unit 23¢, and a third sepa-
rated-part loading unit 24b. For example, the junction box
and the frame are separately loaded 1n the first separated-part
loading unit 235 and the second separated-part loading unit
23c¢, respectively, and they may be separately stored 1n one
assistant movable disassembling apparatus 23. The glass
plate A1 can be separately loaded 1n the third separated-part
loading umit 245. The glass plate A1 may be loaded 1in an
erect state 1n a separated-part loading unit including a rack
device. Accordingly, when a large space 1s required, the third
separated-part loading unit 246 may be independently
formed in another one assistant movable disassembling
apparatus 24.

[0058] The movable solar module disassembling system 1
can be configured by combining the movable solar module
disassembling apparatus 10 and a plurality of assistant
movable disassembling apparatuses 21, 22, 23, and 24. The
disassembling apparatus and the assistant disassembling
apparatuses, for example, each may be an independent
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trailer, whereby the entire system can be moved by driving
them along the road. Accordingly, post-work such as loading
and crushing the separated part 1n addition to disassembling
a solar module all can be performed 1n the movable system,
and power can also be smoothly supplied. When performing
work that generates a lot of dust, etc., the assistant movable
disassembling apparatuses 21, 22, 23, and 24 include dust
processing units 22d, 234, and 24¢ and can perform the work
while purifying the air, sitmilar to the movable solar module
disassembling apparatus 10. By disposing an appropriate
configuration also 1n each of the assistant movable disas-
sembling apparatus as described above, 1t 1s possible to
provide a movable solar module disassembling system 1 that
can very ellectively process solar module while moving with
the movable solar module disassembling apparatus 10.

[0059] According to the present disclosure, it 1s possible to
immediately minutely disassemble a solar module including
a solar cell at the site such that parts can be easily recycled.
It 1s also possible to individually load and store the separated
parts at the site and can transport the separated part to a place
for recycling. The present disclosure can move to a desired
place and process solar modules even 11 a solar photovoltaic
power generation facility that requires the work 1s far, and
accordingly, can greatly contribute to smoothly maintaining
and managing a power generation facility not equipped with
an appropriate processing facility. Further, the present dis-
closure 1s very useful for removal, efc.

[0060] Although exemplary embodiments of the present
disclosure were described above with reference to the
accompanying drawings, those skilled in the art would
understand that the present disclosure may be implemented
in various ways without changing the necessary features or
the spirit of the prevent disclosure. Therefore, the embodi-
ments described above are only examples and should not be
construed as being limitative 1n all respects.

What 1s claimed 1s:

1. A movable solar module disassembling apparatus for
disassembling a solar module including a glass plate, a
stacked film including a solar cell stacked on the glass plate,
and a frame surrounding a module body including the glass
plate and the stacked film, the movable solar module disas-
sembling apparatus comprising:

a movable container unit that 1s hollow, can be moved by

itsell or by external power, and has at least one door
being able to expose the mside by opening and closing;

a frame separation unit that 1s disposed i the movable
container unit, includes a frame separation blade press-
ing and separating the frame from the module body, 1s
supplied with the solar module from a side, and dis-
charges the module body from another side aiter sepa-
rating the frame; and

a disassembling unit that 1s disposed continuously with
the frame separation unit in the movable container unait,
includes a scrapper scraping and separating the stacked
film from the glass plate, 1s supplied with the module
body from a side, and disassembles and discharges the
module body into the stacked film and the glass plate.

2. The movable solar module disassembling apparatus of
claim 1, wherein the movable container unmit has a plurality
of surface; and

the movable solar module disassembling apparatus fur-
ther comprises:
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a battery unit disposed 1n parallel with and 1n contact
with a first surface of the plurality of surfaces of the
movable container unit; and

a power conversion unit disposed 1n parallel with and
in close contact with a second surface different from
the first surface.

3. The movable solar module disassembling apparatus of
claim 2, wherein the first surface 1s the floor of the movable
container umt and the second surface 1s at least any one of
sides of the movable container unit which are perpendicular
to the first surface.

4. The movable solar module disassembling apparatus of
claiam 2, further comprising a dust processing unit that is
disposed on a third surface of the plurality of surfaces and
suctions and processes dust 1 the movable container unit.

5. The movable solar module disassembling apparatus of
claam 1, further comprising a solar photovoltaic power
generation unit that 1s installed outside the movable con-
tainer unit and produces power with sunlight.

6. The movable solar module disassembling apparatus of
claam 1, further comprising a movable supply unit that
moves up the solar module from the ground outside the
movable container unit, supplies the solar module 1nto the
movable container unit, and can be moved by 1itself or by
external power.

7. The movable solar module disassembling apparatus of
claim 1, wherein the frame separation unit further includes
a position adjustment plate that adjusts the vertical position
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of the solar module supplied from a side by supporting at the
bottom and moving up and down the solar module such that
the frame separation blade and the frame at least partially
cross each other.

8. The movable solar module disassembling apparatus of
claim 7, wherein a plurality of frame separation blades
extend from the iner side of the frame to the outer side of
the frame and press diflerent surfaces of the frame, and at
least one of the blades has a recessed groove recessed inward
on the blade surface and separates a junction box attached to
the outer surface of the stacked film simultaneously with the
frame while keeping the junction box in the recessed groove.

9. The movable solar module disassembling apparatus of
claim 1, wherein the disassembling unit includes: a guide bar
that 1s disposed in parallel with the glass plate and to which
the scraper 1s movably coupled; and a moving heating plate
that 1s movably coupled ahead of the scraper of the guide bar
and separates at least a portion of the stacked film from the
glass plate by heating the stacked film ahead of the scraper.

10. A movable solar module disassembling system com-
prising;:

the movable solar module disassembling apparatus of

claam 1; and

an assistant movable disassembling apparatus comprising,

at least one of an assistant power unit, a crushing unit,
and a separated-part loading unit which are disposed 1n
the movable container unit.
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